Increasing Atmospheric
Temperatures: Effects on Soill
Respiration and Acclimation
Adjacent to Four Deciduous Tree
Species
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Introduction

 Increasing concentrations of atmospheric CO,
and green house gases have increased average
global:
— temperatures at the Earth’s surface
— summer and winter temperatures
- — climate variability
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 Forest ecosystems respond:

— To increasing summer and winter temperatures, and
growing season length

— By change function and population dynamics, may
respond with only 1°C increase (Kirschbaun &
Fischlin, 1996)

— Through impacts on individual growth, survival,
regeneratlon and reproductlon




— Tree seedling establishment and survival especially
important:

* Important in forest succession
* More affected by moderately increasing temperatures

* In some trees, respiration responds to
Increasing temperatures:

— Determine geographic distribution (Criddle et al.,
1996)

— Increasing with short-term temperature increases
st i Accllmatlng to prevalllng temperatures (Weger & G




e Objective:
— evaluate the physiological responses in
seedlings of four deciduous tree species to

Increasing temperatures by measuring soll
respiration

— Determine the soll acclimation potential of
each species to changing temperatures
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Methods

* Open-top chambers (OTCs) &3
— Located in Oak Ridge, TN s
— Three chambers of: ambient,

ambient +2.5°C, ambient +5°C

— Controlled by an automated
system
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Betula
alleghaniensis

e Common Name: yellow
birch

e Range: northern hardwood
and lake states forests

e Optimal Growth

- Temperatures: below
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Liqui
styrac

flua

sweet

e Common Name

gum
Range: native to Tennesee
and range extends
southward




Populus
grandidentata

Common Name: bigtooth
aspen

e Range: Northern hardwood :
region, incl. Lake States; Disjunct
populatlons along s end of range
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Quercus rubra

Common Name: northern
red oak

 Range: native to
Tennessee and extends
southward

i Optlmal Growth



e Examined the respiratory responses using Li-cor
technology
— Measurements taken at intervals throughout the day

and season to record responses of soil respiration to a
wide temperature range

— Soil respiratory acclimation
evaluated by:
— Q,,=10"(x-variable * 10)
[increase respiration per
~_Increase 10°C]
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Results

 Significant increase in soil temperature between

ambient and

ambient +5°C temperature treatments (p=0.0000)

« Significant increase In
soil respiration between Treatment

ambient and ambient

+5°C temperature

~ treatments in all plant
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Q10, R1o

Betula alleghaniesis : calculated Ryo's and
Q10'S vs. treatment
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Betula alleghaniesis : calculated and
predicted soil respiration rates vs. treatment
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Q10 did not vary
significantly with
Increasing temperatures
R10 did not vary
significantly with
Increasing temperatures
Predicted respiration

significantly increased
between the ambient
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Liquidambar styraciflua: calculated Rqyo's

and Qqg's per vs. Treatment
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Liqguidambar styraciflua: calculated and

predicted soil respiration rates vs. treatment
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Qo did not vary
significantly with
Increasing temperatures
R,, did not vary
significantly with
Increasing temperatures
Predicted respiration

significantly increased
between the ambl




Populus grandidentata: calculated Ryo's and .
Quo's vs. Treatment N Qlo dld not VE_iI’y
significantly with
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Populus grandidentata: calculated and -
predicted soil respiration rates vs. treatment between the amble
amblent +50C
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Quercus rubra: calculated Rip's and Qg's vs. .
Treatment : O y Qlo dld nOt Va_ry
significantly with
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significantly increased
Quercus rubra: calculated and predicted soil between the am ble' al
respiration rates vs. treatment amb|ent +50C g——
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Discussion

* The northern species had difficulty with
Increased soll temperatures

— B. alleghaneisis did not acclimate
— P. grandidentata had high mortality

* The both southern species acclimated to
Increased temperatures
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— Species succession may change with mortality and
acclimation
 P. grandidentata, a northern species, did
acclimate = may retain some species diversity,
though in lower numbers

e With knowledge of acclimation and mortality

rates of various trees, may be able to save

threatened species with transplantation and
,those that WI|| survwe |

esearch needed on effects of so
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